Data envelopment analysis (DEA) is a non-parametric approach to evaluate a set of decision making units (DMUs) consuming multiple inputs to produce multiple outputs. Formally, DEA use to estimate the efficiency score into the empirical efficient frontier. Also, DEA can be used to allocate resources and set targets for future forecast. The data are continuous in the standard DEA model whereas there are many problems in the real life that data must be integer such as number of employee, machinery, expert and so on. Thus in this paper we propose an approach to allocate fixed resources and set fixed targets with selective integer assumption that is based on an integer data envelopment analysis (IDEA) approach for the first time. The major aim in this approach is preserving the efficiency score of DMUs. We use the concept of benchmarking to reach this aim. The numerical example gets to illustrate the applicability of the proposed method.
is willing to set targets for the individual DMUs with respect to future performance (e.g., output targets for the next evaluating time) and it is clear that these targets setting should be related to the allocated resources. Thus, the resource/cost allocation and target setting recently is one of the most interesting realistic topics in DEA. According to Beasley (2003, p. 208) [3] , we first clarify the difference between the terms "resource allocation" and "target setting" in the DEA terminology. The resource allocation may happen when the organization has restricted input resources or restricted output possibilities. In such circumstances, the organization must allocate equitably the fixed input/output levels among the DMUs. For example, add a new line in Gas Company by fixed capacity as fixed input and reach fixed profit corresponding it as fixed output. The target setting for input and output can be defined as a certain input/output value for each DMU without citation to organizational limitations. In the pioneering work, Cook and Kress (1999) [4] proposed an equitable resource allocation method in DEA where the allocated fixed cost considered as an extra input measure. They obtained the suitable allocation by solving several linear programming problems with regard to the efficiency invariance and parato minimality. The method of Cook and Kress (1999) [4] cannot be utilized in a straightforward manner for determining a cost allocation between the DMUs. Therefore, Cook and Zhu (2005) [5] extended Cook and Kress's method (1999) [4] as a practical cost allocation method. With the similar assumption proposed by Cook and Kress (1999) [4] on treating the costs allocation as an extra input, Beasley (2003) [3] developed a DEA method for allocating fixed cost and setting output target so that a unique cost allocation was determined by maximizing the average efficiency of all DMUs. Amirteimoori and Kordrostami (2005) [6] proposed an alternative DEA-based allocation approach to obtain a unique allocation in terms of combining the efficiency invariance proposed by Cook and Kress (1999) [4] as well as taking account of the additional constraints proposed by Beasley (2003) [3] . Li et al. (2009) [7] developed a DEA-based approach to allocating fixed cost among various DMUs based on the combination of the allocated cost with other cost measures to determine a unique allocation. Li et al. (2009) [7] introduced the relationship between the allocated cost and the efficiency score. They show that the fixed cost was a dependent input while most researches often have regarded it as an independent factor. Amirteimoori and Mohaghegh Tabar (2010) [8] proposed a DEA approach in the presence of the fixed resource allocation and the fixed output target by defining an additional input and output for all DMUs, respectively. Hosseinzadeh Lotfi et al. (2013) [9] introduced a new approach in the presence of resource allocation and target setting by common-weight DEA and goal programming methods. Their method allocated fixed resources and set fixed targets in three steps such that all DMUs are efficient. In the traditional DEA, the input and output variables are always considered to be continuous. In some real applications, the input and output variables cannot be satisfied in real conditions and may be taken integervalued. Therefore, the integer-valued DEA models have been introduced for dealing with the integral constraints (Lozano and Villa, 2007 [10] ). Lozano and Villa (2006) [11] were the first to deal with this problem by introducing a mixed integer linear programming problem based on DEA model. [12] reviewed the shortcoming of the Lozano and Villa"s (2006) [11] model and resolve them. Indeed, they proposed a new axiomatic foundation to deal integer-valued DEA model. They also showed an improved kind of the classic Farrell input efficiency measure, and introduced a mixed integer linear programming problem for estimating efficiency scores. Kazemi Matin and [13] addressed the axiomatic foundation under variable, non-decreasing and non-increasing returns to scale where the integer DEA employed. Their model in question was made by two new axioms as natural convexity and natural augment ability. Wu and Zhou (2011) [14] suggested an integer-valued DEA model to deal with input excesses and output shortfalls simultaneously, in a way that maximizes both. Foroughi (2011) [15] presented a linear mixed integer model that is feasible and is employed for producing a single efficient DMU. Also, his proposed model is used for ranking all extreme efficient DMUs. In this paper, we propose a new IDEA method to allocate fixed resources and set fixed targets by selective [13] . Second, the fixed resources are allocated and fixed targets will be set by selective integer assumption based on our new benchmarking method. By incorporating the proposed model, the related efficiency scores of all DMUs remain unchanged. Consequently, we will introduce a new method to allocate fixed resources and set fixed target that preserve the efficiency score of each DMU as three steps: at first, evaluating DMUs by solving IDEA model, then classifying the DMUs in the two classes; efficient and inefficient DMUs, finally determining multiplier all inefficient units. So, corresponding to the said three steps, we will be allocated the fixed integer and noninteger resources and will be set fixed integer and non-integer targets among DMUs equitably. The remainder sections of the paper are organized as follows. In Section 2, we get a general study the IDEA model and in Section 3, we represent the details of the proposed method based on allocating the fixed resource and setting target for integer data. Numerical example is used to illustrate the applicability of the proposed model in Section 4. The paper ends with conclusion in Section 5.
IDEA Preliminaries
Conventional DEA models are able to evaluate DMUs with real valued data. In the real applications, there are many problems with integer valued data. So, some authors worked on problems with integer data based on DEA approach. Suppose that there are n DMUs to be evaluated, Applying the technology proposed in (1), they introduced the following input-oriented model for measuring efficiency with integer valued data: 
Fixed resource allocation and target setting with selective integer data
Suppose that a manager decides to allocate fixed resources to the inputs and set fixed targets to the outputs across a set of DMUs in which resource/target indexes can be integer valued. Namely, a manager of a chain manufactory decides to add a new production line where for this line he/she needs to allocate fixed expert workers across the manufactories, and wants to produce certain machines related to this line. Obviously, in this problem, fixed expert workers and certain machines are integer indexes. So, the number of expert workers can be considered as an extra integer input (resource) and the number of machines can be treated as an extra output (target) to new production line. In this case, the aim of the manager is preserving efficiency scores of manufactories. In the other word, the manager wants to allocate new integer resource and set new integer target with fixed capacity that are preserved the efficiency scores of manufactories by add a new production line. Similar to this real problem, there are many cases in which managers decide to allocate resources and set targets with selective integer assumption. Therefore in this section, we present an IDEA-based method for allocating fixed resources among a set of DMUs. In addition, we show how fixed targets can be set at the ( , ) GG are total amount of extra inputs and outputs, respectively and distribute among DMUs equitably. We must be solve a mixed integer non-linear programming (MINLP) model (3) to achieve the optimal values of resource allocation and target setting related to each DMU. Whereas, there are n DMUs under evaluation, we earn new optimal solutions for resources and targets variables when DMU under evaluation changed. So, we unable to reach the individual optimal solutions by model (3) . In addition, we decide to allocate fixed resources and set fixed targets which are preserved the efficiency scores of all DMUs. For this aim we use the concept of benchmarking in IDEA as following three steps: (2) and are classified in two classes: efficient and inefficient. The set of efficient and inefficient DMUs are named by "E" and "NE" respectively. Now we able to characterize the inefficient DMUs by the convex combination of the DMUs in the reference set. Hence, we consider the concept of benchmarking and create the following system to allocate resources and set targets with selective integer assumption:
,
In the above system, constraints (Ia), (IIa), (Ib) and (IIb) guarantee the efficiency score of each DMU is preserved by defining extra inputs and outputs corresponding to resources allocation and targets setting. The constraints (c) and (d) show the sum of the resources allocation and targets setting are equal to 12 ( ,) FF and 12 ( ,) GG , respectively (subscripts 1 and 2 denote the integer and non-integer indexes, respectively). The constraints (e) state that the non-negative variables related to integer indexes must be integer valued. Now, we must be solved the system (4) but infeasibility may be occurred for it because of constraints (c) and (d). We use the goal programming (GP) method to solve the above system and introduce some goals for infeasibility of system. (Steuer (1986) [16] and Hwang and Masud (1979) [17] ). Hence, we define the extra deviation variables to feasibility of system and propose a mixed integer linear programming (MILP) model based on the benchmarking and GP concepts. Consequently, the resources allocation and targets setting with selective integer assumption can be obtained by solving the following MILP model: , ,
. 
Numerical example
In this section, we use numerical example to illustrate the applicability of the proposed method for simultaneous resource allocation and target setting. We decide to determine the optimal resource allocation and target setting for 20 DMUs by the proposed model. The data are for gas companies located in 18 regions in Iran. In this study, we consider three inputs and three outputs. The first input (I1) is capital. The second input (I2) is number of staff and operational costs are as the third input (I3). The first output (O1) is number of subscribers. The second output (O2) is length of gas network and the sold-out gas income is as the third output (O3). Table 1 shows these inputs and outputs. Now we want to allocate one resource as an extra input and to set one target as an extra output. National Gas Company of Iran has 175 experts and would like to dispatch the experts to companies. In lieu of these experts, companies undertake to train 620 trainees. Obviously, the allocated experts and trained employees should be integer valued. According to the proposed framework, we first calculate the efficiency scores of companies using IDEA model (2) and results are presented in the second column of In Table 2 , company 16 receives the highest resource allocation and target setting with our method because this company is efficient before allocating resource and setting target and this is the reason why it is allocated a much higher fixed resource allocation and target setting. Similarly, in our method company 10 receives the lowest resource allocation and target setting, since this units exhibit the worst performance in the production set. Table 2 shows that resource allocation and target setting values for each company are integer values. As a result, this example shows that the proposed model enables us to achieve our aim which is to preserve efficiency scores of DMUs after incorporating the integer valued of resource allocation and target setting.
Conclusion
One of the topics of interests in data envelopment analysis (DEA) is resources allocation and targets setting problems. In some real applications, the input and output variables cannot be satisfied in real conditions and may be taken integer valued. In this paper, we have introduced an IDEA model by the goal programming approach to obtain the optimal selective integer valued of resources allocation and targets setting. The proposed method have some advantages such as: (1) the fixed resources have allocated and fixed targets have set by selective integer assumption based on our new benchmarking method. (2) we have compute the efficiency scores of DMUs based on IDEA model, as well. (3) The major aim in this method is preserving the efficiency scores of DMUs. The approach in this paper contributes to a field where rich opportunities for modeling are opened in terms of multi-stage evaluation in techno-economic systems such as supply chains. It is plausible that the efficient formulation in this paper may be useful to model these multi-stage systems without exploding in complexity. Other issues concern extensions to dynamic settings to pursue consistent allocation schemes over time, using dynamic decompositions. Finally, the production technology may also be refined to a general case including categorical, environmental, fuzzy and interval data for the input and output parameters.
